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ABSTRACT
Retinal photography and angiography is the process of documenting a person's
retina, the inside lining of the eye, using a specially designed camera. Traditionally,
these images have been recorded on both color slide and black and white film.
Recent technological advances in electronic /digital imaging have led to new means
of recording these retinal images. These images may be viewed on a computer
monitor, but typically these images are printed to a high resolution /addressability
output device. By utilizing a high resolution /addressability ink jet printer it may be
possible to produce output of these images at a quality equal to those produced by a
dye sublimation printer.
This thesis project investigates the possibility that a 720 x 720 dots per inch ink jet
printer can be used as an alternative to a far more expensive 300 dots per inch
black and white dye sublimation printer.
A total of two different retinal angiograms were printed on each device. The stan
dard output from the dye sublimation printer was judged with three different sub
strates from the ink jet printer, plain paper, coated paper, and photographic quality
paper. Each angiogram has four separate pages. These pages are 8.5 inches x 11
inches with 1, 4, 9, and 16 images per page. Each page was printed on the follow
substrates: Kodak Ektatherm print paper, Hammermill plain paper, Canon HR 101
high resolution paper, and Kodak Photographic Quality Ink Jet Paper.
The study involved visual evaluation of the images by fifteen ophthalmologists
experienced at looking at and interpreting angiograms. Under standard /normal
viewing conditions, the fifteen judges compared the four pages (1 up, 4 up, 9 up
Vlll
and 16 up) generated from the Kodak dye sublimation printer and the identical
images printed on the Canon BJC 620 ink jet printer on the three different sub
strates. They judged each series and rated each output acceptable or unacceptable
for use in the following areas: diagnosis and treatment, chart copy, and referral
copy. Their evaluations were recorded using a response sheet.
The results of this experiment are be shown as a percentage of acceptable or unac
ceptable for each substrate and image layout (1 up, 4 up, 9 up and 16 up).
CHAPTER 1
Introduction
The area of medical imaging, and specifically ophthalmic photography, uses a vari
ety of analog and digital capture devices for diagnostic tests. The images recorded
from these tests are used to aid in the diagnosis and treatment of ocular disorders.
The most commonly used ophthalmic diagnostic test is a fluorescein angiogram.
FluoresceinAngiography is a diagnostic test in which a dye, sodium fluorescein, is
injected intravenously into a patient and a rapid series of images is taken to record
the movement of the dye as it travels through the retinal arteries and veins. The
purpose of this test is to document the retinal vasculature and determine if it is nor
mal or abnormal in both the rate at which it fills with the dye and the movement of
the dye within the retinal blood vessels and extravascular space.
Traditionally, these images have been recorded on both color slide and black and
white film. Recent technological advances in electronic /digital imaging have led to
new means of recording these retinal images. These images may be viewed on a
computer monitor, but typically these images are printed to a high cost, high reso
lution/addressability output device. By utilizing a high resolution /addressability
ink jet printer itmay be possible to produce output of these images at a quality equal
to those produced by a dye sublimation printer.
If the ink jet printer is capable of producing acceptable results, there is a greater possibili
ty that the images generated on these imaging systems would be distributed to a larger
population of physicians due to the reduced printer and output costs.
Present Output Standards
Dye thermal printer technology, and specifically the Kodak 8600 series dye subli
mation printers, are the most frequently used hardcopy output device for retinal
electronic /digital imaging systems. This technology has become the defacto
standard due to its resolution/addressability, ability to render fine detail, and the
tonal quality of the output produced. The initial cost of the printer is high and the
consumable costs per page are equally expensive. These costs limit the number of
prints produced for distribution and use.
New Ink Jet Technology
Ink Jet printers have been around for years. Initially, they were considered a low
cost, low quality substitute for laser printers. Recent changes in ink jet technology
have dramatically improved their quality while maintaining a reasonable cost. The
resolution/addressability of ink jet printers are now 720 x 720 dots per inch. These
printers are capable of outputting on a variety of substrates. Each substrate has
slightly different characteristics that in conjunction with the printer affect the quali
ty of the output.
Objectives of Study
The objective of this project is to determine if image output from an ink jet printer
is capable of being used as a replacement to dye thermal diffusion printing in the
area of ophthalmic photography /angiography.
CHAPTER 2
Background and Theoretical Basis
A Brief History of Ophthalmic Photography
The ability to produce photographs of the human retina has been documented as
early as 1886. While the camera and albo-carbon light source was crude by today's
standards, it did provide the ability to document human retina in vivo. From this
crude beginning, ophthalmic photography grew. In the following years optical sys
tems were designed, refined, and tested with the goal of producing sharp images of
the retina. These systems included optics for looking at and recording the retina, as
well as incorporating some type of illumination system to provide the light
required to expose the film. These systems are referred to as retinal fundus cam
eras. By the late 1920's - early 1930's commercially available fundus cameras were
being produced by companies such as Carl Zeiss. Until the mid 1950's, these fun
dus cameras were extremely difficult to use. It was difficult to produce high quality
images due to low film sensitivity to light and long exposure times required with
the use of carbon-arc light sources. The mid 1950's saw the incorporation of elec
tronic flash tubes into fundus cameras to replace the carbon-arc light sources for
use during exposures. The addition of electronic flash systems coupled with
increased film sensitivity made quality fundus photography readily achievable.
At the same time that fundus cameras were maturing and becoming more refined,
so was the dye that is used to evaluate the retinal vessels. In 1871 Von Bayer first
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synthesized a new organic compound called sodium fluorescein. Experiments uti
lizing sodium fluorescein as an ophthalmic tool began approximately ten years
later. By the mid 1940's sodium fluorescein dye was being used to study the circu-
lation of the intestine and skin by injecting the dye into a vein and observing were
it went. Sodium fluorescein dye has fluorescent properties. Fluorescence is the abili
ty of a substance to absorb energy at a relative short wavelength and emit energy at
a relative long wavelength.
Fluorescence - Electromagnetic radiation emitted from a substance as a result of the
absorption of radiation incident on the substance. Instead of being converted entirely into
thermal energy, the absorbed radiation is re-emitted as electromagnetic radiation.
Fluorescence is distinguished from phosphorescence in that fluorescence occurs almost
immediately (within a few nanoseconds) after the absorption of the incident radiation.
It is rather simple to trace the flow of sodium fluorescein due to its unique charac
teristics. Sodium fluorescein dye has the ability to fluoresce when stimulated with
the proper wavelength of light. Sodium fluorescein dye is extremely sensitive to
465-500 nanometer (nm) light. The dye will absorb this energy and emit light at
520-530 nanometers. The dye absorbs blue light and emits green light. The phe
nomena is similar to getting ones hand stamped with an
"invisible" dye. The dye is
only visible when the hand is placed under a "black
light"
or ultra-violet rich light
source. The dye absorbs the ultra-violet radiation and emits it in a portion of the
spectrum that the eye is sensitive to, thus allowing one to see the stamp.
Filters can be used to provide only the excitation wavelength to the dye. In this case
465-500 nm energy. This filter is referred to as the Excitor Filter since it supplies
the excitation wavelength to the subject. The fluorescein dye within the subject
absorbs some of the 465-500 nm energy and emits energy at 520-530 nm. The
energy radiating from the subjects includes the fluorescence reaction 520-530 nm
energy and the unabsorbed 465-500 nm energy that is reflected back. Another filter
is then placed between the imaging sensor (eye/film/CCD) and the light reflected
back from the subject. This filter is referred to as the Barrier filter since is blocks the
reflected 465-500 nm light and only allows the 520-530 nm fluorescence energy to
pass. In this fashion, one can view or record only the fluorescence reaction of the dye.
Figure 1
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In 1961 two medical students, Alvis and Novotny, modified a fundus camera by
placing an Excitor filter near the flash tube and a Barrier filter near the camera.
They then did an intravenous injection of sodium fluorescein into the patient
(Alvis) and photographed the dye as it traveled through the retinal arteries and
veins.
Over the years, fundus cameras have become more sophisticated with better optics,
more efficient use of light, narrow band filters and better ergonomics. However, the
basic procedure that Alvis and Novotny used to produce the first fluorescein
angiogram is still used today.
Traditionally, fundus cameras have used 35 mm cameras to record the retinal
images produced during a fluorescein angiogram. The 35 mm black and white film
was then processed and printed to allow the ophthalmologist to review the dye
study. From this test the physician could follow, diagnose, and treat eye diseases.
The advent of digital imaging, has allowed the 35 mm camera to be replaced by a
high resolution
"digital"
sensor that is coupled to a computer workstation. There
are advantages of using digital imaging systems instead of film based systems. The
diagnostic test is immediately available for the physician to review, compared to
the processing and printing that film fluorescein angiograms require.
The History of Electronic Retinal Imaging
The immediacy and quality of the images is a driving force behind the acceptance
of electronic imaging as a viable method for fluorescein angiography. Electronic or
digital imaging of the retina primarily through the diagnostic test of a fluorescein
angiogram allows the physician to receive the diagnostic information in a timely
fashion. Since the images are in electronic form, a variety of computer manipulation
techniques can be applied to garnish the most information from a procedure,
including image enhancement and image overlay.
The immediacy of the images allows the physician to provide better quality patient
care. Patients can have a fluorescein angiogram done and immediately following the
procedure meet with the physician to review the test and discuss treatment options.
In the 1970's many manufacturers experimented with videography as a method to
record fluorescein angiography. Issues with light sensitivity of the video-cameras
and the inherent low resolution of video systems never allowed for a successful
commercial development of a video-angiography system. In the mid 1980's many
manufacturers were experimenting with coupling
"digital"
cameras to fundus cam
eras to record fluorescein angiography. The initial systems used a 512 x 512 pixel
area array charged coupled device to do image capture. The sensor was tethered to
a computer that processed and stored the image. The resolution of these systems
was better than video but still noticeably less than film. By the late 1980's and early
I99's all the manufacturers had replaced the 512 pixel camera with a 1035 x 1370
pixel sensor. This "new" sensor provided the resolution required to compete with
film. The 1035 pixel CCD chip provided a good balance between resolution and a
manageable file size. Each image produced by a 1024 pixel chip is approximately
1.4 megabytes. The average fluorescein angiogram requires that approximately
twenty five to thirty images be captured, saved, manipulated, and
Digital Imaging stations for ophthalmic photography are available on both the
Macintosh and IBM compatible platforms. In late 1995 the IBM compatible system
manufacturers incorporated Windows-based applications into their imaging sys
tems. Prior to that time, all the software used to drive the imaging station, do image
enhancement, and printing was proprietary to each individual manufacturer. The
plug and play nature of the Windows 95 operating system and the ability to rela
tively easily interconnect applications and external input and output devices has
provided a tremendous amount of flexibility to the ophthalmic photographer.
While digital imaging systems have had an impact on how retinal images are pro
duced, retinal fundus cameras have not changed fundamentally since the mid
1960's. The digital imaging revolution simply allowed the replacement of the 35 mm
camera to a CCD chip with appropriate resolving and light sensitivity properties.
Film based fluorescein angiography produced 35mm negatives that were either
viewed and interpreted directly or printed onto film or paper for viewing and
interpretation. Additionally, these negatives could be enlarged to produce 3 inches
by 4 inches or 5 inches by 7 inches prints of specific frames of interest.
On a digital fluorescein angiography system, once the fluorescein images are
acquired and saved to the computer, a number of viewing options are available to
the physician. The images can be viewed directly on a high resolution 1280 x 1024
pixel monitor. However, due to the history of fluorescein angiography and the
viewing habits that many physicians have become accustomed to, it was crucial for
digital fluorescein system to be able to produce hardcopy output of fluorescein
angiograms for both treatment decisions and patient medical charts. The need for
photographic quality output was immediate. Initially, manufacturers sold their dig
ital imaging systems with the Kodak 7700 and 7720 dye sublimation printer. The
quality was excellent, but the initial high cost of the printer ,above 20 thousand
dollars, and the high cost consumables ,above five dollars, per paper output made
this printer option quickly obsolete. The current printer of choice for photographic
quality output is the Kodak XLS 8600 series printers. The cost is approximately 10
thousand dollars with a consumable cost of a 1.63 dollars per page. The 8600 series
printer is a dye thermal device that has an addressability/resolution 300 dots per
inch. Dye thermal printers can print true tonal information. The process converts
shades of gray ranging from 0 (black) to 255 (white) in the digital imaging into cor
responding dots on the paper (substrate) in the printer. The printer uses a ribbon
whose pigment is moved via a transfer roller to the substrate. The substrate is then
heated to fix or make the image permanent.
The software that comes with each digital imaging system allows the user to select
how many images will be printed on the 8.5 inches x 11 inches substrate. Typical
formats are for 1, 4, 9, or 16 images to be printed on each piece of substrate.
Output Criteria
This thesis compares fluorescein angiography output from a Kodak 8600 XLS
printer to the identical files output on a Canon BJC 620 ink jet printer using plain
paper, coated paper and photographic quality paper. Twelve ophthalmologists were
asked to compare the three outputs from the Canon printer and the "standard "
output from the Kodak 8600 printer and rate each acceptable or unacceptable for
use based on the following criteria:
1) Diagnosis and Treatment
Output has adequate resolution to allow the physician to diagnosis the
disorder and develop an appropriate treatment course including the use
of ophthalmic laser aided by the output.
2) Chart Copy
Output has adequate resolution to show the area of interest with some
definition but lacks the resolution required to perform diagnosis and
treatment. Typically used as a reference image which may be placed in
the patients medical chart.
3) Referral Copy.
Output has adequate resolution to show the general area of interest but
lacks any true resolution. Typically used in correspondence between the
retinal specialist and the general physician that referred the patient.
Each of the formats available, 1, 4, 9, or 16 images per page will be compared to
identical files output to both the Kodak 8600 and the Canon BJC 620 printers.
Specifications
Printing Method
Print Speed
Print Resolution
Number of Nozzles
Substrate Types
Comparison of Canon BJC620 to Kodak 8600
Canon BJC 620
Bubble Jet ink on demand
image dependent
720 x 720 dpi
256 nozzles
64/color CMYK
Kodak 8600
Dye Thermal
image dependent
300 dpi
NA
Plain Print Paper (P)
High Resolution Paper Transparency (T)
Photographic Quality InkJet Paper
Substrate Sizes up to 8.5 x 14
Cost (street price) $399.95
Consumable Cost /Page
8.5 x 11 (P T)
8.27 x 11.69 (P T)
8.5 x 12 (P T)
8.27 x 12 (P T)
8.5 x 14 (P T)
8.27 x 14 (P T)
9.5 x 14 (P)
$10,795.00
Plain Paper 0.02 Ribbon 1.03
High Resolution 0.15 Ekta-Paper 0.54
Photo-Quality 0.70
Black Ink Cart. 0.41
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Printer Technologies
The current industry standards for photo-realistic or photographic quality output
from digital systems are printers such as the Kodak 8600 series dye sublimation
printer and the Fuji Pictography systems (and similar types of output devices).
These printers fit a niche market between "low end, low
volume"devices and high
end output devices such as the IRIS ink jet systems. They balance performance,
speed, and quality against price. These midrange systems cost approximately ten to
thirteen thousand dollars plus consumable expenses. Contrast that to the hundreds
of dollars for an ink jet printer or above twenty thousand dollars for a "high
end"
output device. The 8600 series printers provide excellent addressability/resolution
of 300 dots per inch with the ability to function as both a black and white or color
output device depending upon the ribbon used.
Resolution: The capability of distinguishing between two separate but adjacent parts or
stimuli, such as elements of detail in an image .
Resolution (Digital Images): In electronic imaging, the number of horizontal and vertical
pixels that comprise the image. If the term is used to describe brightness levels (contrast res
olution), then the minimum levels of brightness are 256.
The purpose of this thesis project is to compare the current dye thermal technology
to current ink jet technology. The Kodak 8600 printer will be used to represent cur
rent dye thermal technology. The Canon BJC 620 ink jet printer will be used to rep
resent current ink jet technology.
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COMPARISON OF PRINTING TECHNOLOGIES
Thermal Dye Diffusion (sublimation)
Thermal Dye Diffusion printers are capable of printing true tonal information. The
process takes a digital image comprising varying shades of gray from values rang
ing from 0 (white) to 255 (black) and places a dot on the substrate that corresponds
to each value within the subject. A black dye ribbon is often used to output black &
white images due to speed and cost effectiveness. A color ribbon that has three sep
arate color transfer strips (cyan, magenta, yellow) that are sequentially transferred
to the substrate is used to output color images. The ribbon moves across a 300 dot
per inch linear laser printhead. The printhead heats the ribbon causing the dyes to
change from a solid to a gas (sublimation). The gas is then condensed and diffused
onto the substrate. This process occurs for each pass over the printhead. The sub
strate is then heated to fixate or make permanent the image. The substrates for
these devices are not light sensitive.
Thermal dye diffusion technology has received high acceptance in imaging fields
due to its ability to render high resolution images with subtle changes in tonality
accurately and faithfully.
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Figure 2
Thermal Dye Diffusion
Thermal Printhead
Ink Jet Technology
Ink jet printers produce a density on a substrate by placing or spraying ink to form
an image.
Liquid drop-on-demand ink jet printing is a process whereby ink droplets are expelled from
tiny orifices and directed immediately to the substrate, but only where needed to form the
image. The most common from uses heat to vaporize a small amount of water based ink in a
chamber to form a gas bubble. This, in turn, causes a droplet of ink to be expelled from an
opening in the chamber. The chamber must then be refilled before the next droplet can be
expelled. This severely limits the maximum speed of the process. Another variation on this
theme uses a piezoelectric plate that can be slightly deformed by passing a current through
it, thereby reducing the volume of an ink reservoir and causing the ejection of a single
droplet of ink.
The addressability and thus the resolution of ink jet printers is determined by how
many dots per inch (dpi) the printhead(s) are capable of producing and how fine
the paper can be moved after each linear printhead(s) is finished printing. Current
linear resolutions range from 600 to 720 dpi in this category of printers.
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Figure 3
Inkjet
Ink well
Ink chamber
Nozzle Substrate
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CHAPTER 3
Statement of the Problem
The acquisition of diagnostic retinal angiographic images by trained ophthalmic
photographers occurs daily. These images are in both film and digital forms. As old
ways of doing things are replaced by new technology, film will cease to be used for
fluorescein angiography.
Digital retinal images need to be available to a number of physicians. Consider the
normal path a patient follows prior to having a diagnostic fluorescein angiogram
performed on them. The patient is usually seen by their eye doctor, which may be
an ophthalmologist or optometrist, for a routine eye examination. The physician
observes something abnormal occurring on, in or near their retina and refers the
patient to the retinal specialist. The retinal specialist evaluates the patient's eye and
decides which test(s) or procedure(s) should be performed. One of the diagnostic
tests that can be done is a fluorescein angiogram. The retinal specialist then reviews
the test(s) with the patient and discusses treatment options if a problem is found.
The patient will most likely seek a second opinion if the condition is serious. The
second retinal specialist may or may not repeat any or all of the diagnostic tests
performed as well as order additional tests.
As stated earlier, the best available method for viewing a digital angiogram is on a
calibrated monitor. However, due to physician preferences and the vast number of
individuals that may need access to the images, there needs to be additional ways
to view the image.
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The ability to generate output from digital angiographic systems has been around
since their introduction. Printer output quality and expense have always been
major factors involved in digital imaging systems. Dye thermal printer technology
has been capable of producing the output resolution and tonality required for use
in these digital imaging systems.
Ink Jet vs Dye Thermal Printing for use in Ophthalmic Photography
Ink jet technology has made great strides in the last two years. This thesis project
examines the potential of current ink jet printing technology to replace dye thermal
diffusion printing for use in ophthalmic imaging in the following areas:
1) adequate for diagnosis and treatment.
2) adequate for patient chart copy.
3) adequate for physician referral record.
For this thesis a commercially available printer with 720 dots per inch marking
addressability/resolution was chosen. This represents the current state of the art in
printer technology resolution.
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CHAPTER 4
Methodology:
Images that have been acquired and stored on a digital fluorescein angiography
workstation were printed to both the Kodak 8600 printer and the Canon BJC 620
printer. Two different diseases, sub-retinal neovascularization (SRNV) and diabetic
retinopathy (DR) were printed on both output devices. Each series was broken
down into 4 separate pages that were outputted to each device, 1 up, 4 up, 9 up
and 16 up image(s) per page. Each of these were printed on the following sub
strates: Kodak Ektatherm print paper, Hammermill plain paper, Canon HR 101
High Resolution paper, and Kodak Photographic Quality Ink Jet Paper.
Using the software contained within the digital angiography system, four files
(1 up, 4 up, 9 up and 16 up images) for each disease (two) were created and saved.
The Kodak 8600 printer was connected to the digital angiography system and each
file was printed. The system was turned off and the Kodak 8600 printer was dis
connected and replaced by the Canon BJC 620 printer. The digital angiography sys
tem was restarted and each file was printed to the BJC 620 using plain paper, coat
ed paper, and photographic quality paper. Each series contained the identical
image(s) printed on the Kodak 8600 with print paper and the BJC 620 with plain,
coated, and photographic quality paper. In order to insure the quality of the output
from the BJC 620, the ink tanks were monitored and replaced as needed. Each
series for each of the two diseases contained a total of sixteen images. The
observers were asked to rate each print as acceptable or unacceptable in the follow
ing usage areas:
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1) adequate for diagnosis and treatment.
2) adequate for patient chart copy.
3) adequate for physician referral record.
The test method for the evaluation of the thirty two images was a blind study. For
each fluorescein angiogram evaluated, the 4 pages of each image layout was pre
sented in a random order. The judges were presented with a single page at a time
and instructed to analyze each page independently and decide if it had adequate
resolution to be used in any of the three categories.
This evaluation method was employed to force the judges to "rate" each page sepa
rately and not compare them to each other. The question of "adequate
resolution"
was to be answered, not best print quality. A specifically designed set of instruc
tions were given to each judge prior to their evaluation. The judges then reviewed
each image and recorded their response on a specifically designed response sheet.
The order of each of the four pages within each image layout was random. In order
to allow for accurate recording by the judges, each of the pages within each image
layout was labeled A through D.
Observers Clarification
Some further clarification needs to made in reference to the judges. Since ophthal
mologists are the end users of digital angiography information as it relates to
patient care and treatment, only they are capable of deciding the what
"is"
and "is
not"
acceptable. Their trained eyes coupled with years of experience and training
allows them to evaluate images and choose the appropriate actions for each patient.
The observer pool will be fifteen ophthalmologists.
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CHAPTER 5
Analysis of Data
Thirty two pages of images were generated from the Topcon ImageNet 1024 Digital
Imaging Workstation. Each of the two fluorescein angiogram series contained six
teen pages that the judges were asked to evaluate and rate acceptable or unaccept
able in three categories.
The judges were given one page at a time and instructed to rate the page either
acceptable or unacceptable for use in diagnosis and treatment, patient chart copy,
and physician referral record. The judges were not allowed to compare prints to
each other. The judges' determination of acceptability was based solely on each
print and the
judges'
opinion. The order of the examples were randomized within
each group or series.
Within each category the percentage acceptable was calculated based upon the data
collected. This number was achieved by totalling the number of responses accept
able for a category divided by the total number of respondents and multiplying by
one hundred to yield a percentage acceptable value. The total number of respon
dents in the study is fifteen. All values are based on a percentage calculated out of
fifteen possible acceptable responses.
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Table 1
Percentage Responses by Category and Fluorescein
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Table 2
Comparison of Fluorescein #1 and Fluorescein #2 One Image Per Page
Fluorescein #1 1 Image Per Page
Diagnosis & Treatment Chart Copy Referral Copy
I | DyeThermal
H Photo Quality
? hrioi
Ly Plain Paper
Fluorescein #2 1 ImagePerPage
M DyeThermal
I Photo Quality
? HR 101
_}
Plain Paper
Diagnosis & Treatment Chart Copy Referral Copy
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Table 3
Comparison of Fluorescein #1 and Fluorescein #2 Four Images Per Page
Fluorescein#14 Images Per Page
Diagnosis & Treatment Chart Copy Referral Copy
i | DyeThermal
I Photo Quality
? HR 101
LM Plain Paper
Fluorescein #2 4 Images Per Page
'__ DyeThermal
I Photo Quality
Q HR 101
by Plain Paper
Diagnosis & Treatment Chart Copy Referral Copy
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Table 4
Comparison of Fluorescein #1 and Fluorescein #2 Nine Images Per Page
Fluorescein#19 Images Per Page
Diagnosis & Treatment Chart Copy Referral Copy
! _ DyeThermal
Ll Photo Quality
? HR 101
LJ Plain Paper
Fluorescein #2 9 Images Per Page
Diagnosis &Treatment Chart Copy
Hi DyeThermal
[ 1 Photo Quality
? HR 101
bd Plain Paper
Referral Copy
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Table 5
Comparison of Fluorescein #1 and Fluorescein #2 Sixteen Images Per Page
Fluorescein #1 16 Images Per Page
Diagnosis & Treatment Chart Copy Copy
! I DyeThermal
ijl Photo Quality
O HR 101
by Plain Paper
Fluorescein #2 16 Images Per Page
Diagnosis & Treatment Chart Copy
H DyeThermal
II Photo Quality
? HR 101
[Ml Plain Paper
Referral Copy
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The categories; diagnosis and treatment, chart copy , and referral copy all have dif
ferent image quality requirements associated with them. The ranking of the cate
gories and the criteria for each category is:
1) Diagnosis and Treatment
Output has adequate resolution to allow the physician to diagnosis the
disorder and develop an appropriate treatment course including the use
of ophthalmic laser aided by the output.
2) Chart Copy
Output has adequate resolution to show the area of interest with some
definition but lacks the resolution required to perform diagnosis and
treatment. Typically used as a reference image which may be placed in
the patients medical chart.
3) Referral Copy.
Output has adequate resolution to show the general area of interest but
lacks any true resolution. Typically used in correspondence between the
retinal specialist and the general physician that referred the patient.
The most critical category is diagnosis and treatment. It represents the highest qual
ity level with the greatest demand for image quality due to the image use. The
other two categories; chart copy and referral copy require a lower image quality.
Referral Copy
All the substrates (dye thermal, photographic quality, high resolution, and plain
paper) rated very well for use in the referral copy category.
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Chart Copy
In the chart copy category, three of the four substrates (dye thermal, photographic
quality, high resolution paper ) were rated high.
Diagnosis and Treatment
In the diagnosis and treatment category it is difficult to make generalizations about
substrates. The number of images per page has a tremendous impact on what is
deemed acceptable. The data shows that the dye thermal output is acceptable in all
image layout categories (i image, 4 images, 9 images and 16 images). In page that
have one and four images per page, both photographic quality and high resolution
paper received 46% to 73% acceptable ratings. Plain paper had the lowest ranking
of 0% to 33% in this category.
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CHAPTER 5
Summary and Conclusions
The data supports the thesis that ink jet printing can be used to replace dye thermal
printing for use is specific areas of ophthalmic imaging. Ink jet printing using either
photographic quality paper or high resolution paper definitely can compete with
dye thermal printing in the areas of chart copy and referral copy use. Plain paper
had the lowest acceptability rating throughout the categories. However, it is accept
able for use as a referral copy in all categories and image layouts.
The data shows that dye thermal output is rated far superior to ink jet printing for
use in diagnosis and treatment. Dye thermal had a 80% to 100% acceptable rating in
this category. Ink jet printing on the best substrates available had a 6% to 73%
acceptable rating. As more images are placed on a page; four, nine or sixteen
images per page, the dye thermal output increases its ranking against the other out
puts. This fact is related to the output device's ability to maintain fine detail as indi
vidual images are reduced in size. Based upon that fact, ink jet printing could be
used for diagnosis and treatment if no more than four images per page were print
ed using this technology. The data shows that approximately half the observers
would accept ink jet output printed on either the high resolution paper or the pho
tographic quality paper for one and four images per page use.
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Further Research
This thesis project is based upon the fact that ink jet printing technology has made
great strides in the past few years One of the purposed advantages of the new ink
jet printers is their increased addressability of 720 x 720 dots per inch compared to
older ink jet printers with 360 x 360 dots per inch addressability. As new ink jet
printers are introduced that have higher addressability; such as 1440 x 1440 dots
per inch and inks improve, this image comparison study should be reevaluated.
A comparison of the archival /image permanence characteristics of each technology,
dye thermal and ink jet, may be appropriate. This is especially true if the images
are to be used for a long period time. An evaluation of image fade, discoloration
and smudge should be carried out.
From a cost analysis stand point, there are factors within both technologies that
could be reviewed. The phrase, "time is
money"
can take on an entirely new mean
ing if output time of each technology, dye thermal and ink jet, were correlated
against image quality. Is it worth waiting longer and "tying up a
system"for a
higher quality print? Where is the break between price and performance?
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Appendix A
List of Equipment and Materials
1. Topcon ImageNet 1024 Digital ImagingWorkstation
IBM Compatible Computer
21 inch Hitachi Monitor
Topcon 50IA Fundus Camera
Kodak MegaPixel 1.4i CCD Camera
Iomega ZIP drive
2. Retinal Fluorescein Sodium Angiographic Images
3. Kodak 8600 Dye Thermal Printer
Ektatherm Paper Catalog #
Ektatherm Black and White Ribbon Catalog #
4. Canon BJC 620 Ink Jet Printer
Color Ink Cartridges
BJI-201C Cyan
BJI-201M Magenta
BJI-201Y Yellow
BJI-201Bk Black
5. Substrates Used with Canon BJC 620 Ink Jet Printer
Hammermill Plain Paper
Canon High Resolution Paper HR-101
Kodak Ink Jet Photographic Quality Paper Catalog #899-9161
6. Instructions to the Judges and a Response Sheet
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Appendix B
Instructions to the Judges
I appreciate the time you are now taking to assistme with this research project. I
will be giving you two sets of fluorescein angiographic prints for you to visually
evaluate. Each set consists of sixteen prints. Within each set there are four identical
images each printed using a unique output device or substrate (paper). You will be
judging each image independently.
Based upon your own personal judgement and criteria, you will be examining each
print to answer the following questions. Does the print have acceptable quality to
be used for :
1) Diagnosis and Treatment
Output has adequate resolution to allow the physician to diagnosis the
disorder and develop an appropriate treatment course including the use
of ophthalmic laser aided by the output.
2) Chart Copy
Output has adequate resolution to show the area of interest with some
definition but lacks the resolution required to perform diagnosis and
treatment. Typically used as a reference image whichmay be placed in
the patients medical chart.
3) Referral Copy
Output has adequate resolution to show the general area of interest but
lacks any true resolution. Typically used in correspondence between the
retinal specialist and the general physician that referred the patient.
Take your time and examine each proof carefully. If you have any questions, please
do not hesitate to stop and ask me.
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Appendix C
Response Sheet
Place a check mark in each box that the print has acceptable resolution for:
One Imag
Diagnosis & Treatment
e Per Page
Chart Copy Referral Copy
Page A
PageB
PageC
Page D
Four Images Per Page
Diagnosis & Treatment Chart Copy Referral Copy
Page A
PageB
Page C
PageD
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Nine Imag
Diagnosis & Treatment
es Per Page
Chart Copy Referral Copy
Page A
PageB
Page C
PageD
Sixteen Images Per Page
Diagnosis & Treatment Chart Copy Referral Copy
Page A
PageB
Page C
PageD
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Appendix D
Image Order and Letter Correlation
Randomized Substrate Order and Correlation between Letters (A, B, C, D)
Fluorescein #1 (SRNV) Fluorescein #2 (DR)
1 up 1 up
A Dye Sublimation A Coated Paper
B Plain Paper B Photographic Quality
C Coated Paper C Dye Sublimation
D Photographic Quality D Plain Paper
4 up 4 up
A Plain Paper A Photographic Quality
B Coated Paper B Plain Paper
C Photographic Quality C Dye Sublimation
D Dye Sublimation D Coated Paper
9 up
A Dye Sublimation
B Coated Paper
C Plain Paper
D Photographic Quality
9 up
A Coated Paper
B Plain Paper
C Photographic Quality
D Dye Sublimation
16 up
A Photographic Quality
B Dye Sublimation
C Plain Paper
D Coated Paper
16 up
A Plain Paper
B Dye Sublimation
C Coated Paper
D Photographic Quality
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Appendix E
Results of Evaluations
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Appendix F
Images
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